The data used in this study are from a patient-level hospital database that is governed by privacy legislation in Ontario. The Ottawa Hospital (Ottawa, Canada) is the owner of the data, and use of this data is governed by the Personal Health Information Protection Act in the province of Ontario. Use of the data within our organization is governed by our institutional ethics board at The Ottawa Hospital. Other interested researchers may gain access to this data by submitting a data request and by entering into a formal Data Sharing Agreement with The Ottawa Hospital.

Introduction {#sec001}
============

A considerable proportion of patients in critical care units are transfused. Thirty to 45% receive red cell transfusion \[[@pone.0138427.ref001],[@pone.0138427.ref002]\], 10--30% receive plasma transfusion \[[@pone.0138427.ref003],[@pone.0138427.ref004]\] and 10--20% receive platelets \[[@pone.0138427.ref005],[@pone.0138427.ref006]\]. Older age, the need for emergent admission, as well admissions for trauma and surgery have been associated with increased red cell transfusion \[[@pone.0138427.ref001]\]. Plasma is predominantly used to treat bleeding patients \[[@pone.0138427.ref004]\] whereas platelets are transfused prophylactically \[[@pone.0138427.ref007],[@pone.0138427.ref008]\].

Increased use of health care resources at the end of life has been well described \[[@pone.0138427.ref005], [@pone.0138427.ref009], [@pone.0138427.ref010]\]. Blood product requirements as part of life sustaining treatment at the end of life have not been described. Like other medical therapies, such as the need for critical care services \[[@pone.0138427.ref009]\], blood product use may increase in individuals who are at higher risk of death. To assess the extent of blood product use in patients who ultimately die, the ICU population is particularly appropriate given the high acuity, high mortality rate and high blood product utilization. The primary objective of this study was to describe the utilization of blood products in patients admitted to the intensive care unit (ICU) and the transfusion rates of ICU patients who ultimately die.

Materials and Methods {#sec002}
=====================

Data Sources {#sec003}
------------

Data was obtained from the Ottawa Hospital's Data Warehouse in Ottawa, Canada. The Data Warehouse is a data repository from the hospital's operational information systems. These systems include patient registration, the discharge abstract database, laboratory, pharmacy and radiology results from 2006 onward. We used the Ottawa Hospital's Data Warehouse to obtain all data on patient characteristics, procedures and primary diagnoses, blood components transfused (i.e. plasma, platelets, and red blood cells (RBCs)), length of stay, in-hospital all-cause mortality and in-ICU all-cause mortality. This administrative database has been used to evaluate health-related questions in several previous studies \[[@pone.0138427.ref006], [@pone.0138427.ref011]--[@pone.0138427.ref014]\]. Ethics approval for this study was obtained from the Ottawa Health Science Network Research Ethics Board (\#20120280-01H). Patient information in the data repository was anonymized and de-identified prior to analysis. As per the institutional ethics policy, this data was used for the approved study without express informed consent from study subjects.

Study Design {#sec004}
------------

We conducted a retrospective cohort study of adult patients in the ICU. Patients admitted to one of two 30-bed medical/surgical academic ICUs within The Ottawa Hospital and discharged between November 1, 2006 and June 30, 2012 were included. Our study cohort included patients admitted to the ICU at any time during their hospital stay, and those awaiting intensive care beds. Cardiac surgery patients were not included in the ICU cohort as The Ottawa Hospital has a separate cardiac centre. The Ottawa Hospital also has a "step-down unit" for lower acuity patients. In order to ensure that all deaths in our study cohort were captured; we focused our analysis on the last admission for patients having multiple qualifying hospital admissions during the study period. We included all qualifying admissions in descriptions of overall blood product utilization. The Ottawa Hospital serves 1.2 million residents of Ottawa and Eastern Ontario. The ICUs are supervised by academic critical care staff with a full complement of fellows and residents.

We identified patients who were admitted to the ICU at any time during their hospital stay, and determined: 1) how many of these patients received blood transfusions (RBCs, plasma or platelets) while under the ICU service, 2) how many of these patients subsequently died from any cause either in the ICU or in hospital, and 3) the amount of blood products administered to these patients during their ICU stay. We also determined the number of blood product units administered in the ICU in the days leading up to death or discharge from hospital.

For patients having multiple ICU stays within one hospitalization, all of their time spent in ICU was grouped together and the total length of stay included all days spent in ICU, either consecutively or not.

It was not possible from our data to compute physiology-based ICU acuity scores. We therefore reported baseline characteristics and calculated the Charlson index, which have been shown, when taken together, to be as predictive of ICU death as commonly used ICU acuity scores such as the SOFA or APACHE II \[[@pone.0138427.ref015]\]. We used the International Classification of Diseases 10 codes \[[@pone.0138427.ref016], [@pone.0138427.ref017]\] and the revised Schneeweiss weights \[[@pone.0138427.ref018]\] to calculate the Charlson index.

Blood Product Distribution in the ICU {#sec005}
-------------------------------------

To describe how blood products were distributed over the course of patients' ICU stays, we identified the date of each patient's death or discharge, and calculated the amount of each type of blood product received in the ICU on each of the 7 days leading up to death or discharge. We computed proportions of patients transfused on each day using denominators that included all patients who were in the ICU on that day leading up to death or discharge. On any given day (in relation to death or discharge), a patient was counted if s/he were in the ICU on that day. The percentage of total blood product volume administered on each day in relation to death or discharge was calculated as a percentage of the total number of units used in the ICU over the study period. Further, we identified patients who underwent a massive transfusion on the last day before death or discharge as those who received at least 4 units of RBCs within one hour.

Statistical Analyses {#sec006}
--------------------

All analyses were conducted at the level of the patient. Data for continuous variables are presented as means (with standard deviation) or medians (with Interquartile Ranges (IQR)) if the data were heavily skewed. Data for categorical variables are presented as frequencies and percentages.

To test for significant transfusion trends in transfused patients who died in hospital or were discharged alive, we built logistic regression models of the proportion of patients transfused each type of blood product on the 7 days leading up to death or discharge. We used Poisson regression to model the mean number of blood product units transfused over the 7 days leading up to death or discharge, and to model the proportion of the total number of blood product units transfused in the ICU over the 7 days leading up to death or discharge. We also built logistic regression models to test for trends in the proportions of hospitalized patients who received RBCs, platelets and plasma over the years of study, each for patients discharged alive and patients who died in hospital. Results from logistic regression models are presented as Odds Ratios (OR) and 95% confidence intervals (95% CI). Results from Poisson regression are presented as Rate Ratios (RR) and 95% CI.

Results {#sec007}
=======

Demographics {#sec008}
------------

There were a total of 10,642 patients admitted to the ICU within the study period ([Table 1](#pone.0138427.t001){ref-type="table"}). During the same interval there were 154,391 patients admitted to hospital. The median (IQR) patient age was 64 (51--75), and 56.7% of patients were male. The median (IQR) ICU length of stay was 4 (2--10) days, and the median (IQR) overall hospital length of stay was 11 (5--26) days. Patients who died in hospital had shorter median ICU and hospital lengths of stay than patients who were discharged alive. Overall, nearly 65.8% (n = 7001) of patients were mechanically ventilated during their ICU stay, ranging from 59.8% for patients who did not receive any blood products to 78.4% for patients who received platelet transfusions. Nearly 25% of transfused patients received renal replacement therapy, compared to 6% for non-transfused patients. The median Charlson score was 2 across all group and 25% of patients had a Charlson index above 5.

10.1371/journal.pone.0138427.t001

###### Characteristics of patients admitted to the ICU.

![](pone.0138427.t001){#pone.0138427.t001g}

                                                    Overall N = 10642   Received RBCs[^a^](#t001fn002){ref-type="table-fn"} N = 3477   Received plasma[^a^](#t001fn002){ref-type="table-fn"} N = 1967   Received platelets[^a^](#t001fn002){ref-type="table-fn"} N = 1058   Did not receive blood products[^b^](#t001fn003){ref-type="table-fn"} N = 6563
  ------------------------------------------------- ------------------- -------------------------------------------------------------- ---------------------------------------------------------------- ------------------------------------------------------------------- -------------------------------------------------------------------------------
  **Median (IQR) patient age at admission (yrs)**   64 (51--75)         65 (53--75)                                                    65 (52--76)                                                      62 (51--72)                                                         64 (50--75)
  **Male, N (%)**                                   6032 (56.7)         1948 (56.0)                                                    1183 (60.1)                                                      655 (61.9)                                                          3718 (56.7)
  **Median (IQR) Charlson Score**                   2 (0--5)            2 (1--5)                                                       2 (1--6)                                                         2 (1--5)                                                            2 (0--4)
  **Charlson Index, N (%)**                                                                                                                                                                                                                                                 
  0                                                 2671 (25.1)         764 (22.0)                                                     444 (22.6)                                                       207 (19.6)                                                          1774 (27.0)
  1--2                                              3426 (32.2)         999 (28.7)                                                     549 (27.9)                                                       371 (35.1)                                                          2253 (34.3)
  3--4                                              1879 (17.7)         636 (18.3)                                                     338 (17.2)                                                       193 (18.2)                                                          1129 (17.2)
  5+                                                2666 (25.1)         1078 (31.0)                                                    636 (32.3)                                                       287 (27.1)                                                          1407 (21.4)
  **Surgical patient, N (%)**                       3866 (36.3)         1473 (42.4)                                                    756 (38.4)                                                       328 (31.0)                                                          2192 (33.4)
  **Marital Status**                                                                                                                                                                                                                                                        
  Divorced (N = 568), n (%)                         n/a                 197 (34.7)                                                     114 (20.1)                                                       59 (10.4)                                                           342 (60.2)
  Married/Common law (N = 5742), n (%)              n/a                 2000 (34.8)                                                    1107 (19.3)                                                      635 (11.1)                                                          3411 (59.4)
  Separated (N = 240), n (%)                        n/a                 60 (25.0)                                                      31 (12.9)                                                        26 (10.8)                                                           171 (71.3)
  Single (N = 1889), n (%)                          n/a                 572 (30.3)                                                     330 (17.5)                                                       171 (9.0)                                                           1224 (64.8)
  Unknown (N = 938), n (%)                          n/a                 217 (23.1)                                                     176 (18.8)                                                       72 (7.7)                                                            652 (60.3)
  Widowed (N = 1265), n (%)                         n/a                 431 (34.1)                                                     209 (16.5)                                                       95 (7.5)                                                            763 (60.3)
  **Mechanical ventilation, N (%)**                 7001 (65.8)         2659 (76.5)                                                    1539 (78.2)                                                      830 (78.4)                                                          3926 (59.8)
  **Renal replacement therapy, N (%)**              1215 (11.4)         767 (22.1)                                                     472 (24.0)                                                       249 (23.5)                                                          380 (5.8)
  **Primary diagnosis category, N (%)**                                                                                                                                                                                                                                     
  Cancer                                            1132 (10.6)         470 (13.5)                                                     235 (11.9)                                                       219 (20.7)                                                          578 (8.8)
  Cardiovascular diseases                           2357 (22.1)         562 (16.2)                                                     324 (16.5)                                                       156 (14.7)                                                          1681 (25.6)
  Endocrinology including diabetes                  260 (2.4)           76 (2.2)                                                       34 (1.7)                                                         15 (1.4)                                                            174 (2.7)
  Gastrointestinal and liver disease                1042 (9.8)          513 (14.8)                                                     383 (19.5)                                                       162 (15.3)                                                          446 (6.8)
  Infectious diseases                               1195 (11.2)         512 (14.7)                                                     332 (16.9)                                                       186 (17.6)                                                          570 (8.7)
  Others                                            1429 (13.4)         365 (10.5)                                                     222 (11.3)                                                       95 (9.0)                                                            992 (15.1)
  Respiratory diseases                              1429 (13.4)         368 (10.6)                                                     144 (7.3)                                                        79 (7.5)                                                            1001 (15.3)
  Trauma and poisoning                              1798 (16.9)         611 (17.6)                                                     293 (14.9)                                                       146 (13.8)                                                          1121 (17.1)
  **Overall**                                                                                                                                                                                                                                                               
  Median (IQR) ICU length of stay (days)            4 (2--10)           9 (4--17)                                                      7 (2--15)                                                        8 (3--16)                                                           3 (1--7)
  Median (IQR) hospital length of stay (days)       11 (5--26)          20 (9--42)                                                     15 (6--34)                                                       17 (7--41)                                                          8 (3--18)
  **Died in hospital (N = 3434)**                                                                                                                                                                                                                                           
  Median (IQR) ICU length of stay (days)            3 (1--9)            7 (2--16)                                                      4 (1--13)                                                        6 (1--14)                                                           2 (1--5)
  Median (IQR) hospital length of stay (days)       7 (2--17)           13 (5--28)                                                     9 (2--22)                                                        11 (4--24)                                                          4 (1--11)
  **Discharged alive (N = 7208)**                                                                                                                                                                                                                                           
  Median (IQR) ICU length of stay (days)            5 (2--10)           10 (4--18)                                                     8 (4--17)                                                        10 (4--18)                                                          4 (2--7)
  Median (IQR) hospital length of stay (days)       13 (6--29)          27 (13--49)                                                    23 (11--44)                                                      27 (13--51)                                                         10 (5--21)

IQR: interquartile range; RBCs: red blood cells

^a^ Categories are not mutually exclusive. Patients who received more than one type of blood product are included under multiple categories.

^b^ Patients who did not receive RBCs, platelets, or plasma.

Transfusions in the ICU {#sec009}
-----------------------

At least one type of blood product was administered in the ICU to 4079 (38.3%) patients during their stay. RBCs were administered to 3477 (32.7%) patients and plasma and platelets were administered to 1967 (18.5%) and 1058 (9.9%) patients, respectively. RBCs, plasma and platelets were transfused to 40%, 28% and 16% respectively of ICU patients who died within their hospitalization, compared to 34%, 16% and 11% of all patients under any service who died in the hospital (data not shown). Overall, patients who received blood products were older and had longer lengths of stay as compared to patients who did not receive blood products. A higher proportion of patients who did not receive blood products had lower Charlson comorbidity scores (indicating low burden of disease), compared to patients who received blood products ([Table 1](#pone.0138427.t001){ref-type="table"}). Of patients who received RBCs, plasma or platelets, 31.0%, 32.3% and 27.1% respectively had the highest Charlson score (5 or more), compared to 21.4% who did not receive blood.

Mortality rates and blood product use {#sec010}
-------------------------------------

The overall ICU mortality rate was 28.1% and in-hospital mortality rate was 32.3%. The in-hospital mortality rate ranged from a low of 27.3% to a high of 50.6% and the ICU mortality rate ranged from a low of 23.7% to a high of 45.8%, for patients who did not receive blood products and for patients who received platelets, respectively ([Table 2](#pone.0138427.t002){ref-type="table"}).

10.1371/journal.pone.0138427.t002

###### In-hospital mortality rates and ICU mortality rates by type of blood product.

![](pone.0138427.t002){#pone.0138427.t002g}

                                 Overall N = 10642   Received RBCs[^a^](#t002fn002){ref-type="table-fn"} N = 3477   Received plasma[^a^](#t002fn002){ref-type="table-fn"} N = 1967   Received platelets[^a^](#t002fn002){ref-type="table-fn"} N = 1058   Did not receive blood products[^b^](#t002fn003){ref-type="table-fn"} N = 6563
  ------------------------------ ------------------- -------------------------------------------------------------- ---------------------------------------------------------------- ------------------------------------------------------------------- -------------------------------------------------------------------------------
  In-hospital mortality, N (%)   3434 (32.3)         1359 (39.1)                                                    972 (49.4)                                                       535 (50.6)                                                          1793 (27.3)
  ICU Mortality, N (%)           2993 (28.1)         1192 (34.3)                                                    880 (44.7)                                                       484 (45.8)                                                          1553 (23.7)

RBCs: red blood cells

^a^ Categories are not mutually exclusive. Patients who received more than one type of blood product can be included under multiple categories.

^b^ Patients who did not receive RBCs, platelets, or plasma.

Overall, of all RBC, plasma and platelet units administered in the ICU throughout the study period, 46.2% were administered to patients who later died within the same hospitalization (41.2% of RBCs, 50.8% of platelets, 50.3% of plasma) ([Fig 1](#pone.0138427.g001){ref-type="fig"}). In comparison, of all blood products administered to patients hospitalized under any service during the study period, 22.9% (19.1% of RBCs, 25.9% plasma and 30.2% of platelets) were administered to those who later died during their hospitalization (data not shown). Of all blood products administered in the ICU, 10.0% of RBCs, 10.0% of platelets and 13.1% of plasma were given within 24 hours of death.

![Distribution of blood products throughout the study period.](pone.0138427.g001){#pone.0138427.g001}

Blood Product Distribution in relation to discharge or death {#sec011}
------------------------------------------------------------

### Proportion of patients transfused {#sec012}

Figs [2](#pone.0138427.g002){ref-type="fig"} to [4](#pone.0138427.g004){ref-type="fig"} illustrate the percentage of patients in the ICU who received RBCs, plasma and platelets, the mean number of units received, and the percentage of the total volume of each blood product administered in the ICU on each of the 7 days leading up to discharge or death. The vertical bars in each figure represent the observed values, and the lines represent the predicted values based on the regression models.

![Observed and predicted percentage of patients in the ICU who were transfused A) RBCs, B) platelets and C) plasma on each of the 7 days leading up to discharge (alive) or death.](pone.0138427.g002){#pone.0138427.g002}

![Observed and predicted mean number of A) RBC units, B) platelets units and C) plasma units administered to each transfused patient in the ICU 7 days leading up to discharge (alive) or death.](pone.0138427.g003){#pone.0138427.g003}

![Observed and predicted percent of the total A) RBC units, B) platelets units and C) plasma units administered in the ICU on each of the 7 days leading up to discharge (alive) or death.](pone.0138427.g004){#pone.0138427.g004}

In patients discharged alive, the proportion transfused RBCs, platelets and plasma significantly decreased on each day leading up to discharge (RBCs: OR (95% CI): 0.87 (0.83, 0.91); platelets: 0.82 (0.75, 0.90); plasma: 0.83 (0.77, 0.89)) ([Fig 2A--2C](#pone.0138427.g002){ref-type="fig"}). In patients who died, the proportion transfused RBCs or plasma significantly increased in the days leading up to death (RBCs: 1.03 (1.00, 1.06); plasma: 1.14 (1.11, 1.18)). There was no significant change in the proportion of patients transfused platelets in the days leading up to death (platelets: 1.02 (0.98, 1.05)).

Of the 435 patients who received RBCs within 24 hours of death, 37 (8.5%) underwent a massive transfusion. These patients received a mean (SD) of 20.5 (16.4) and a median (IQR) of 16 (12--20) units of RBCs within 24 hours of death. No patient who received RBCs within 24 hours of being discharged alive underwent a massive transfusion.

Mean number of blood product units {#sec013}
----------------------------------

For patients discharged alive, there was no significant change in the mean number of RBC and platelet units received on each day (RBCs: RR (95% CI): 0.98 (0.94, 1.01); platelets: 0.96 (0.89, 1.04)) ([Fig 3A and 3B](#pone.0138427.g003){ref-type="fig"}). There was a significant decrease in the mean number of plasma units transfused leading up to discharge (plasma: 0.87 (0.83, 0.91)) ([Fig 3C](#pone.0138427.g003){ref-type="fig"}). In patients who died, the mean number of blood product units transfused per patient significantly increased leading up to death, with the largest increase observed for RBCs (RBCs: 1.17 (1.12, 1.22); platelets: 1.07 (1.02, 1.12); plasma: 1.03 (1.00, 1.06)) ([Fig 3A--3C](#pone.0138427.g003){ref-type="fig"}).

Percent of total blood product units used in the ICU {#sec014}
----------------------------------------------------

The percentage of total number of units for each blood product used in the ICU significantly decreased leading up to discharge, in patients who were discharged alive (RBCs: RR (95% CI): 0.82 (0.79, 0.84); platelets: 0.80 (0.74, 0.87); plasma: 0.75 (0.73, 0.78)) ([Fig 4A--4C](#pone.0138427.g004){ref-type="fig"}). In patients who died, the percentage of blood product used in the ICU prior to death significantly increased leading up to the day of death (RBCs: 1.46 (1.44, 1.49); platelets: 1.34 (1.30, 1.39); plasma: 1.50 (1.48, 1.53)) ([Fig 4A--4C](#pone.0138427.g004){ref-type="fig"}).

Proportion of patients transfused over the years of study {#sec015}
---------------------------------------------------------

Over the years of study, we observed a significant decrease in the proportion of hospitalized patients receiving RBC products in those who died, but not in those who were discharged alive (died in hospital: OR (95% CI): 0.94 (0.90, 0.98); discharged alive: 1.00 (0.97, 1.03)). We also observed a significant reduction over time in the proportion transfused plasma in patients who died and in those who were discharged alive (died in hospital: 0.90 (0.85, 0.94); discharged alive: 0.91 (0.88, 0.95)). There was no significant change over time in platelet use (died in hospital: 1.00 (0.94, 1.06); discharged alive: 1.03 (0.97, 1.08)).

Discussion {#sec016}
==========

In this study, we described patterns of transfusion in patients admitted to the ICU, and further explored transfusion patterns in patients who died in hospital. Nearly 40% of the patients in our study cohort received at least one type of blood product while in the ICU. Of all blood products used in the ICU over the study period 46.2% were administered to patients who died during their hospitalization and 11% were administered to patients within 24 hours of death. In patients who died, the intensity of transfusion increased in the days preceding death. Of all of the blood products, red blood cells were administered to the largest number of patients.

Our finding that a large proportion of patients who receive blood products subsequently die in hospital was somewhat expected given the higher burden of illness in patients who receive transfusions \[[@pone.0138427.ref019]\]. In addition the intensity of transfusion in the days preceding death identifies a proportion of critical care patients with a higher mortality rate. This was consistent with our observation of higher Charlson scores in patients requiring transfusion. Nonetheless, the observation that in some instances the mortality rate in transfused patients approached 50% advocates for a closer examination of the benefit of transfusion in these circumstances.

The high proportion of blood products administered immediately preceding death is similar to the increased use of other resources such as critical care services that occur at the end of life \[[@pone.0138427.ref005], [@pone.0138427.ref009]\]. However, this has not been previously described for blood products. While our analysis does not imply that transfusions near the end of life caused death, increased resource utilization near the end-of-life, in other settings, has not been shown to be associated with improved care and may result in a worse quality of death \[[@pone.0138427.ref020]\]. Could transfusion be also associated with a poor quality of death?

There are a few limitations to this study. Generalizability may be limited as this is a single center study in a health system where blood products are provided free of charge to hospitals. However, the large sample size of this study, and the inclusion of two hospital sites supports the validity of the results. The higher mortality rate observed in this study compared to that reported in the ICU literature \[[@pone.0138427.ref015]\] may be potentially explained by the exclusion of cardiac surgery patients who have a low mortality rate (4 to 6%) \[[@pone.0138427.ref021]\]. This high acuity is supported by the advanced age (median 64, IQR (51--75)), high proportion of mechanically ventilated patients (65.8%) and the proportion receiving renal replacement therapy (11.9%), suggesting that we succeeded to select the patients at the highest risk of mortality. In addition, using administrative data does not lend to an understanding of the necessity or indication for transfusion. As it has been shown that diagnoses coded in the ICU have limited validity \[[@pone.0138427.ref022]\], we were cautious to not rely on diagnosis codes to identify indications for transfusion. Although APACHE II scores may have been a more appropriate measure of disease severity in our study population than the Charlson score, we did not have the ability to calculate APACHE II scores using the administrative data. However, given the fact that the Charlson score, in addition to selected administrative data have been previously shown to be as good as SAPS II, SAPS III and Apache II to predict mortality in the ICU population \[[@pone.0138427.ref015]\], we believe that the data reported provides clinically relevant information that could be used to estimate the mortality risk of our population. Finally, the marked increase in the number of patients who received blood products prior to death is unlikely to be indicative of hemorrhage as massive hemorrhage occurs in a small proportion of the population \[[@pone.0138427.ref023]\], and only a small proportion of admissions to the critical service are secondary to hemorrhage.

Conclusions {#sec017}
===========

Nearly 40% of patients received at least one type of blood product while in the ICU. The most widely used blood product was red blood cells, administered to 32.6% of patients. A high percentage of admissions where transfusion was administered subsequently ended in death, and many of these transfusions happened on the day prior to death. These results should stimulate further evaluation of the benefit for transfusion in the last hours of life.

ICU:

:   Intensive Care Unit

RBCs:

:   Red Blood Cells

IQR:

:   Interquartile Range
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